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Liepman and Olsen [10] identified the cDNA of Arabidopsis 159 SGT by such an in silico approach. The authors searched the 160 Arabidopsis genome and the database of expressed sequence 161 tag (EST) sequences for open reading frames (ORF) that shared 162 significant sequence similarity with the class IV Ala:glyoxylate 163 aminotransferase from humans [10, 15] . In mammals, Ala: 164 glyoxylate aminotransferase isoform 1 (AGT1) is targeted to 165 both the peroxisome matrix and mitochondria and is important 166 for detoxification of glyoxylate present in a plant-based diet The photorespiratory reactions comprise eleven directly involved enzymes (RubisCO, ribulose-1.5-bisphosphate carboxylase/oxygenase; PGP, phosphoglycolate phosphatase; GOX, glycolate oxidase; CAT, catalase, GGT, Glu:glyoxylate aminotransferase SGT, Ser:glyoxylate aminotransferase; GDC, Gly decarboxylase; SHMT, Ser hydroxymethyl transferase; HPR, hydroxypyruvate reductase; pMDH, peroxisomal malate dehydrogenase; GLYK, glycerate kinase) and four indirectly participating enzymes (GS, Gln synthase; GOGAT, Glu synthase, Glu:oxoglutarate aminotransferase; mMDH/cMDH, mitochondrial/chloroplastic malate dehydrogenase), all of which are compartmentalized between chloroplasts, leaf peroxisomes, and mitochondria. For the transport of photorespiratory intermediates different translocators and a porin-like channel have been characterized biochemically (white) or the corresponding genes been cloned (black). Photorespiratory metabolites are abbreviated as follows: RuBP, ribulose-bisphosphate; 3-PGA, 3-phosphoglycerate; THF, tetrahydrofolate.
178 in the C-terminal tripeptide of most plant and even prokaryotic 179 orthologs of AtSGT, suggesting that enzymatic and targeting 180 function overlap in the C-terminal domain and that specific yet 181 unknown auxiliary residues upstream of SRI> in plant SGT 182 orthologs play an essential role in targeting to peroxisomes.
183
By heterologous overexpression of AtSGT in E. coli the 184 kinetic parameter of the enzyme were studied for various amino 185 acid:2-oxoacid pairs in detail [10] . Even though enzymatic 186 activity could be determined with different substrate pairs, the 187 maximum specific activity and physiological K m values for Ser 188 and glyoxylate argued in favor of these metabolites representing 189 the substrates of SGT under physiological conditions. By 190 contrast, the high K m for Ala of about 100 mM was about 70-191 fold higher than that of Ser and well above cytosolic Ala levels 192 [18, 19] , providing evidence against a significant amino donor 193 function for Ala in vivo.
194
The Arabidopsis sat mutant is deficient in SGT activity 195 (Fig. 2) by a yet unrecognized pathway. Fig. 2 . Overview of photorespiratory Arabidopsis mutants. Arabidopsis mutants deficient in photorespiratory enzymes have been identified and characterized for Ser: glyoxylate aminotransferase (sgt or sat), Glu:glyoxylate aminotransferase (ggt1 ot aoat1), Gly decarboxylase (gdc), Ser hydroxymethyl-transferase (shm1), glycerate kinase (glyk), dicarboxylate transport (dct), Glu synthase (gls1 = glu1), phosphoglycolate phosphatase (pgp), and Gln synthetase (gs). These mutants are either not viable under atmosphere of about 21% O 2 and 0.035% CO 2 but grow normally in air enriched in CO 2 , when photorespiration is suppressed. Although an Arabidopsis mutant deficient in mitochondrial
298
SHMT activity (stm, now designated shm1-1 to avoid confusion From the previous paragraphs and from the summarizing 414 metabolic diagram presented in Fig. 1, it [53, 54] . Hence, whereas the genes encoding all 442 enzymes involved in photorespiration have now been identified, 443 we still know very little about the metabolite transporters 444 involved in this process. In the following paragraphs, we will 445 summarize the current knowledge about metabolite transporters 446 involved in photorespiration. 447 
The porin-like channel of leaf peroxisomes

448
The high rate of glycolate production during photosynthesis 449 [8] leads to high flux rates of photorespiratory intermediates, 450 such as glycolate, glycerate, malate, OAA, and some amino 451 acids (Fig. 1) 
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518 glycerate. This conclusion was further supported by reconstitu-519 tion of the transporter activity into liposomes; it was demon-520 strated that glycolate could be exchanged with glycerate [66] . 521 Hence, biochemical characterization of glycolate and glycerate 522 transport supports the concept that the same transporter in the 523 chloroplast envelope membrane catalyzes the first and the last 524 transport steps in photorespiration.
525
In addition to glycerate and glycolate, also the precursor of 526 the GS/GOGAT cycle, α-ketoglutarate, and its end product, 527 
555
Apart from these three transport proteins, the chloroplastic 556 malate/OAA transporter is indirectly involved in photorespira-557 tion. Reducing equivalents are imported into leaf peroxisomes 558 in the form of malate [53] , one half of which is synthesized by 559 NADP-dependent MDH in chloroplasts ([72] ; see also below). 560 Chloroplasts export reducing equivalents at high rate by a 561 malate-oxaloacetate shuttle [73] , likely mediated by a specific 562 translocator in a counter-exchange mode, which has not been 563 identified at the molecular level to date. As evident from the metabolic diagram presented in Fig. 1 , 566 mitochondria take up Gly and export Ser during photorespira-567 tion. In isolated spinach leaf mitochondria, the uptake of Gly, 568 Ser, and Pro showed biphasic transport kinetics, indicating that 569 at low substrate concentrations an active transport system is 570 involved whereas diffusion seems to dominate at higher 571 concentrations (i.e. >0.5 mM) [53] . At low concentrations, 572 the uptake of Ser was inhibited by Gly and vice versa, and fusarium wilt-resistant muskmelon breeding line-Pi-124111f, the catalytic capacity to activate biosynthetic precursors of jasmonic acid,
